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Known attempts at interspecific crossing of Phaseolus spp. reach as far back as the mid 1800s (Mendel, 1866) . Researchers have since attempted the transfer of a variety of traits such as disease resistance, insect tolerance, and morphological characteristics from wild Phaseolus species to cultivated Phaseolus types . A review of the literature by reports that in the 50 to 70 species now in Phaseolus, the most common interspecific crosses have been K· vulgaris x K· coccineus and f. vulgaris x f. acutifolius. Other successful interspecific crosses have been made in Phaseolus but the extreme difficulty in obtaining viable seed in many instances led many researchers to use very specialized embryo rescue techniques to secure hybrid plants Honma and Heeckt, 1958; Ronma and Heeckt, 1959; Nesling and Morris, 1979; Rabakoarihanta et al., 1979; .
Of the cultivated Phaseolus species, f. lunatus seems to be the most difficult from which to obtain an interspecific hybrid . obtained K· vulgaris x K· lunatus hybrid seed but attempts to repeat this work have been unsuccessful and the conclusion that actual interspecific seed was generated by Honma and Heeckt has been disputed . The only other successful K· vulgaris x K· lunatus hybrids were obtained by through embryo culture. Extensive embryo culture seems to be the only reliable method to achieve this interspecific hybrid.
Embryo culture is often used to grow immature plant embryos that would otherwise degenerate and die. There are many recent reviews of embryo culture available (North, 1976; Raghavan, 1980; Stewart, 1981) .
Important factors that relate to the successful culturing of immature embryos are mineral salt make-up, osmolarity, and sucrose content of the culture medium (Raghavan, 1980) . Studies on embryo and ovule culture have indicated that the mineral constituents of Murashige and Skoog (MS) medium (1962) allow good growth and development of the embryos and ovules (Monnier, 1978; Stewart, 1981) .
Culture medium osmolarity may be linked to the success of MS medium. The suggested reason for increased ovule response to MS medium was a high salt content of the medium (Stewart, 1981) . This suggestion fits well with the reports that characterize ovule endosperm as having a high osmolarity and research indicating that embryos incubated on a medium with high osmolarity grew larger than embryos on the same medium with lower osmolarity (Raghavan, 1980) . Sucrose levels of the medium may also be linked to osmolarity. Very high levels of sucrose that have been found to promote embryo growth can be lowered if the osmotic pressure of the medium is kept constant (Raghavan, 1980) . Braak and Kooistra (1975) found optimal levels of sucrose for promoting growth of immature embryos of R· vulgaris x R· ritensis crosses to be 3-4 % while using White's medium (1963), a high salt medium similar toMS medium.
Explanation of Thesis/Dissertation Format
This thesis, reporting on research performed to answer questions about the effects of parental genotype and growth regulators on interspecific Phaseolus crosses is presented in the Alternate Thesis Format of Iowa State University. This thesis candidate planned, executed, and statistically analyzed the research described in each section of the thesis and composed this document in whole.
INTRODUCTION
Interspecific hybridization in the genus Phaseolus often requires embryo rescue techniques to yield a usable plantlet. Pollen tube growth and fertilization occurs normally but seed development stops, ending with eventual embryo death unless the hybridization is aided with an embryo culture technique . Unfortunately, a well-defined culture medium has not been worked out for Phaseolus. Most researchers use a culture medium composed of Murashige and Skoog (MS) salts (1962) with the addition of varying amounts of organics and vitamins but there are conflicting reports on the effectiveness of added growth regulators . Additionally, found that responses to growth regulators were genotype specific. Because of the obvious importance of determining the optimum culture medium, this paper describes the effects of the growth regulators kinetin and GA 3 on immature embryo growth in culture of several cultivars of the common bean.
l1ATERIALS AND METHODS
Five genotypes of X· vulgaris were used: 'Great Northern' ('GN'), '76
Spartan Arrow' ('76'), 'Royal Burgundy' ('RB'), 'Rustproof Golden' ('RG'), and 'Moongold' ('MG'), each selected for differences in morphological characters. Flowers were self pollinated by gently holding the newly opened flower and pulling down on the wings. This procedure causes the stigma to emerge and the pollen to be dislodged. Developing pods were collected for embryo excision 10 days after pollination. Five levels of kinetin (0.00, 0.01, 0.10, 1.00, and 5.00 mg/1) and 4 levels of GA 3 (0.00, 0.01, 0.10, and 1.00 mg/1) were combined in a factorial design to give 20 treatments. Tubes were randomized and placed in a growth chamber at 26° C with continuous light (60-80 amol m-2 s-l) for 4 weeks, after which the embryos were again measured to determine change in length during culture incubation.
Flowers were pollinated in a randomized complete block experiment with 5 blocks and each cultivar was treated as a separate experiment. One block in each experiment consisted of every kinetin-GA 3 treatment receiving an embryo from flowers that were all self-pollinated on 1 day.
Results were analyzed by linear regression from an SAS computer program to determine significance of the growth-regulator treatments. A quadratic curve was generated for '76', which showed a significant quadratic growth-regulator effect, in order to predict the optimum treatment rate. The analysis for initial embryo size was a linear regression from an SAS computer program of final embryo size in culture on the initial embryo size.
RESULTS AND DISCUSSION
GA 3 had no effect on the genotypes studied but kinetin had a significant effect (at the 5% level) on length change in culture on all the genotypes except 'GN' and 'RB' (Table 1) . Regression analysis of the cultivars with a significant kinetin effect indicated that 'MG' and 'RG' embryos had a significant linear effect and were inhibited at all kinetin concentrations ( Figure 1 and Figure 2 respectively) while '76' had a significant quadratic effect with a calculated optimum kinetin concentration for increase in embryo length in culture at 0.064 mg/1 ( Figure 3 ). This genotype-specific response to kinetin has also been reported by where endogenous levels of cytokinins were thought to alter the genotypic response to similar growth regulators added to the culture medium. implied that initial embryo size influenced the subsequent embryo growth in culture of interspecific embryos. Because of the importance of this question, we analyzed the effect of initial embryo size on growth ~n culture for all the genotypes in this study. The linear regression of final embryo length in culture on initial embryo size did indicate that a larger initial embryo produced significantly greater growth in culture for all genotypes except 'MG' ( Table 2 ). The initial s~ze of 'MG' embryos were larger than those of other cultivars and thus
were probably large enough that small deviations from the average size were not important enough to cause growth differences in culture (Table 2) . would be useful to transfer the resistance to Fusarium solani f. sp.
phaseoli, root rot, and Xanthomonas phaseoli, common bacterial blight , and the trait of green seed coat color ) from lima bean to common bean. The transfer of low temperature germination characteristics from common bean to lima bean would also be desirable.
The X· vulgaris x X· lunatus interspecific hybrid is extremely difficult to obtain. It has been found that fertilization occurs normally but the developing embryo subsequently aborts . Culturing the embryos in vitro has proven effective for obtaining plants from Phaseolus interspecific crosses Yeung and Sussex, 1979) .
Although the genotype of the parental species has been found to be a factor in hybrid embryo growth of the common x lima bean interspecific cross (Freytag, 1979; , little work has been done to determine the reason for the genotypic differences. Honma and Heeckt (1959) secured interspecific hybrid seed, but no researcher has been able to duplicate their work . has doubted the veracity of Honma and Heeckt's claim (1959) that they obtained true interspecific seed since Smartt was not able to duplicate their work. It should be recognized that Honma and Heeckt (1959) used g. vulgaris parents that actually were complex intraspecific hybrids, which may have had an effect on their ability to obtain a putative interspecific hybrid. The primary objective of this research was to examine the effects of maternal heterozygosity on the subsequent development and growth of Phaseolus interspecific hybrids, which no previous researcher has reported. In addition, the effect of paternal genotype and the effectiveness of kinetin on subsequent interspecific embryo growth were examined.
l1ATERIALS AND METIIODS
Four genotypes each of f. vulgaris, 'Great Northern' ('GN'), '76
Spartan Arrow' ('76'), 'GN'x'76' hybrid and '76'x'GN' hybrid, and f. lunatus P.I. 358288 , P.I. 360715 , P.I. 214170 , and Speckled ('SP') were used. The P.r.'s are hereafter referred to by their last 3 numbers.
The f. vulgaris genotypes were selected based on morphological differences and differences in response to kinetin in an embryo culture medium (Leonard et al. 1986 ). The inbred maternal parents were morphologically different in flower color, leaflet shape, and leaflet size. The hybrid maternal parents were intermediate for all of these characters indicating true hybrids. Seed derived from self pollinated hybrid maternal parents were reciprocally marked for seed coat color which also confirmed hybridity. The P.I. species were selected at random for widely distributed points of origin. Each f. vulgaris genotype was used as a maternal parent and crossed with each f. lunatus genotype in a partial diallel. Flowers were emasculated and cross-pollinated by the procedure described by Wade (1943) and The final measurement was either taken the same as the initial measurement for embryos that grew very little or from the small transition zone between roots and stem to the apical growing point for the larger embryos.
Structured analysis of the data by linear regression from an SAS computer program was performed with 1 block dropped due to excessive pod abortions throughout this block. Maternal sums of squares were subdivided by orthogonal contrasts (Steel and Torrie, 1980; Cochran and Cox, 1957) to determine effects of maternal heterozygosity. T-tests were performed on all maternal genotypes with the male genotype 170 to determine the effectiveness of kinetin in the medium. One paternal genotype only was analyzed due to the absence of enough embryos per treatment for the other male genotypes to make this analysis possible.
RESULTS
The growth of interspecific embryos was much less than that of intraspecific self-pollinated embryos, allowing interspecific embryos to be identified unequivocally (Table 1) .
The size and number of excisable interspecific embryos at the time of excision was quite variable ( Table 2 ). Of the 4 maternal genotypes, 'GN' yielded many fewer excisable embryos than any other genotype, while '76' yielded many more embryos and larger embryos than the others. The intraspecific hybrid parents did not yield larger interspecific embryos than the inbred parents ( Table 2) . Emasculations of the 4 maternal genotypes as controls indicated that the emasculation procedure was successful in preventing accidental self-pollinations ( Table 2 ).
The analysis of the number of excisable embryos showed that the maternal effect was significant at the 7% level. Breaking the maternal effect into orthogonal contrasts revealed a highly significant (1% level)
"inbred" effect, but "inbred vs. hybrid" and "among hybrid" effects were not significant (Table 3) . Paternal genotype was also not significant.
The overall maternal effect on initial embryo size was significant at the 5% level (Table 4) . Again, partitioning the maternal sums of squares indicated no significant differences between hybrid maternal parents or hybrid vs. inbred maternal parents but inbred maternal parents were highly significant (1% level). A single df. contrast indicated no differences between the paternal P.I. genotypes vs. cultivar for number of excisable embryos and initial embryo size.
Interspecific embryos with '76' as female parent produced the largest 24 change in growth compared with other maternal genotypes and the cross '76'x'l70' produced the most rapid growth of any interspecific hybrid (Table 5) . Heterozygous hybrid maternal parents did not have a larger change in growth than the inbred maternal parents. Initial embryo size 2 and embryo size after culturing were closely correlated (R =0.927) using the Pearson Corr. Coeff., indicating that increased growth in culture is greatly aided by using the largest possible embryos.
There was no effect of kinetin at 0.005 mg/1 on the growth of interspecific embryos involving '170' as the paternal genotype (Table 6 ). between inbred parents vs. hybrid parents but differences were found between inbred parents. In this study, '76' yielded more embryos than the other female genotypes and '170' yielded more embryos than the other male genotypes with the cross '76'x'l70' producing the largest initial embryo size ( Table 2) . This result demonstrates a specific combining ability effect where certain combinations in a group of genotypes outperform the rest of the combinations (Sprague and Tatum, 1942) . The close correlation of embryo growth in culture to initial embryo size with these interspecific embryos indicates that developing the largest embryo possible from the interspecific cross is most important. Genotypes that would allow the embryos to grow larger before abortion would stand a better chance of yielding a plantlet in culture. A cytoplasmic effect was not found as evidenced by the lack of significant differences among reciprocal hybrid parents (Table 3) .
While growth regulators have been used to increase growth in culture Leonard et al., 1986; Mok, et al.,l978; Yeung and Sussex, 1979) , the addition of kinetin at 0.005 mg/1 to the medium did not aid embryo growth of these genotypes after excision. This may, ~n part, be a result of endogenous levels of cytokinins in the embryo inherited from the male parent . It is also possible that the interspecific embryos responded differently to the addition of kinetin than do intraspecific embryos.
SECTION II.
1. Growth rates of Phaseolus vulgaris x R· lunatus interspecific embryos were much slower than Phaseolus vulgaris self-pollinated embryos allowing unequivocal identification of the interspecific hybrid embryos.
2. Of the maternal genotypes, 'Great Northern' yielded fewer excisable embryos and '76 Spartan Arrow' yielded many more excisable embryos.
3. The overall maternal and paternal effects on the number of excisable embryos was not significant at the 5% level.
4. There was a significant effect on the number of excisable embryos of inbred maternal parents but no significant effect of hybrid maternal parents or inbred vs. hybrid maternal parents.
5. The maternal effect on initial embryo size was significant at the 5% level but the paternal effect was not significant.
6. There was a significant effect on the initial size of excisable embryos of inbred maternal parents but no significant effect of hybrid maternal parents or inbred vs. hybrid maternal parents.
7. The significance of inbred maternal parents but not hybrid maternal parents suggests that increased heterozygosity of the maternal parents alone is not sufficient to increase growth of interspecific embryos but inherent differences between inbred genotypes do affect interspecific embryo growth in culture.
8. The lack of significant differences of reciprical intraspecific hybrid parents indicates that there was little cytoplasmic control over the ability of the interspecific embryos to grow in culture.
9. The addition of kinetin at 0.005 mg/1 to the culture medium did not significantly increase growth of interspecific embryos.
10. Initial embryo size was highly correlated with subsequent embryo growth in culture, indicating that a selection of genotypes that would yield larger interspecific embryos before culturing would increase the ability of the embryo to grow into a usable plant.
